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Background: In addition to livestock movements, other between-farm contacts such as visitors may contribute to
the spread of contagious animal diseases. Knowledge about such contacts is essential for contingency planning.
Preventive measures, risk-based surveillance and contact tracing may be facilitated if the frequency and type of
between-farm contacts can be assessed for different types of farms. The aim of this study was to investigate the
frequency and types of visitors on farms with cloven-hoofed animals in Sweden and to analyse whether there were
differences in the number of visitors attributable to region, season, and type of herd. Data were collected from
Swedish farmers through contact-logs covering two-week periods during four different seasons.
Results: In total, 482 (32%) farmers filled in the contact log for at least one period and the data represent
18,416 days. The average number of professional and non-professional visitors per day was 0.3 and 0.8, respectively.
Whereas the number of professional visitors seemed to increase with increasing herd size, this relation was not
seen for non-professional visits. The mean numbers of visitors per day were highest in the summer and in the farm
category ‘small mixed farm’. Reports of the visitors’ degree of contact with the animals showed that veterinarians,
AI-technicians, animal transporters and neighbours were often in direct contact with the animals or entered the
stables and 8.8% of the repairmen were also in direct contact with animals, which was unexpected. In a
multivariable analysis, species, herd size and season were significantly associated with the number of professional
visitors as well as the number of visitors in direct contact with the animals.
Conclusion: In conclusion there was a large variation between farms in the number and type of contacts. The
number of visitors that may be more likely to spread diseases between farms was associated with animal species
and herd size.Background
Contagious livestock diseases have a negative impact on
production and farm economy as well as animal welfare.
Moreover, several of the diseases in livestock are zoonotic
and affect human health. There are thus major reasons to
prevent and control these diseases, both endemic and
exotic diseases. In infectious disease prevention and con-
trol, an important key is to understand the contact pat-
terns and thus potential routes of spread between
livestock farms within a country. Because one of the most
important routes of spread is direct contact between live
animals, livestock movements are often registered in cen-
tral databases [1]. However, many diseases, e.g. foot- and* Correspondence: maria.noremark@sva.se
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reproduction in any medium, provided the ormouth disease, classical swine fever, bovine viral diarrhoea
and Aujezsky’s disease, can also spread via indirect con-
tacts, such as farm visitors, transports or shared equip-
ment [2]. In contrast to data on livestock trade, these
indirect contacts are seldom registered centrally.
Assessments of the type and frequency of contacts such
as visitors can be used in contingency planning as an indi-
cation of what can be expected regarding number of con-
tacts during an outbreak. This information can be relevant
for assessing potential spread and when designing forms
for contact tracing. The identification of farm characteris-
tics associated with more frequent contacts can also be
useful input for prioritizations in contact-tracing and in
the design of risk-based surveillance activities.
The risk of disease spread via visitors can be mini-
mized by preventive biosecurity measures such as use of
clean protective clothing and boots (preferably providedral Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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and hand wash [3-6]. However, from a previous study in
Sweden it is clear that farmers perceive the risk of dis-
ease introduction as low and are not always motivated
to apply biosecurity routines [7]. It has also been shown
that there was large variation in the biosecurity routines
applied by different types of professional visitors [7]. In
order to increase awareness among farmers and veteri-
narians, as well as other visitors, specific information
campaigns related to disease prevention and control can
be performed. In such activities, knowledge about the
average number and type of visitors in different types of
farms can be very useful, as it enables targeting of high
risk farm categories and visitors. This knowledge is also
important when risks for disease spread through indirect
contacts and possible contact patterns are communi-
cated. Furthermore, the expected number of contacts is
often needed as input data in mathematical modelling of
disease outbreaks and for the highly contagious diseases
the indirect contacts are also relevant [8,9]. Such model-
ling can in turn be used to approximate the extent of an
outbreak and to assess possible effects of different dis-
ease control interventions.
The aim of this study was to investigate the frequency
and types of visitors as potential indirect contacts be-
tween farms with cloven-hoofed animals in Sweden and
to analyse whether there were differences in the number
of visitors attributable to region, season, and farm charac-
teristics such as herd size or species present on the farm.
Methods
Selection of farms and contact log
This study was based on data collected through a mailed
contact log that was sent to Swedish livestock farmers in
2006 and 2007. The participants were asked to register
visitors and other farm contacts daily during four two-
week periods, throughout the different seasons of the year.
In total, the contact log was sent out on five occasions,
covering all four seasons, i.e. July 2006, November 2006,
February 2007, April 2007, and July 2007. The reason for
the fifth round sent out in summer 2007 was to ensure
that data was obtained across seasons also for these far-
mers who joined the study in the 2nd round.
The data collection was done in parallel with a ques-
tionnaire dealing with on-farm biosecurity routines [7],
i.e. farmers were asked to respond to both the biosecurity
questionnaire and to document contacts in the contact
logs. Data from the biosecurity questionnaire regarding
animal species present on the farm and herd size were also
used in this study. The selection process is described in
detail in the cited paper. In summary, a stratified random
sample of farmers was selected in five different regions,
from the very south to the north of Sweden to capture
different geographical density and different predominantproduction. From each region, approximately 200 cattle
farmers and 120 pig farmers with different production
systems were selected, as well as 40 sheep farmers and
20 goat farmers (not all regions had this many farmers),
resulting in a total of 1498 farmers. The basis for the sam-
ple was the official register of animal holdings at the
Swedish Board of Agriculture. The sample size was a com-
promise between (i) having enough data to analyse, (ii)
expected return rate, (iii) time limitations for data entry,
and (iv) number of holdings in the regions.
The contact log forms were sent by mail approxi-
mately ten days before the start of the period of data col-
lection. Each time an accompanying letter was enclosed,
in the first round it described the background of the
study and on consecutive occasions it reminded partici-
pants of the purpose of the study and encouraged con-
tinued participation. Farmers were informed that their
replies would be treated anonymously and for each
round an instruction on how to fill in the log was in-
cluded. A response envelope (free of charge) was in-
cluded and a lottery ticket was enclosed as a sign of
gratitude. The study was prospective and participants
were asked to record data on a daily basis for the defined
period. To avoid retrospective data collection and poten-
tial recall bias reminders were therefore not sent. How-
ever, unless farmers declined participation, we continued
to send contact log forms for the remaining periods if
they had responded to at least one previous period.
The contact log forms were prospective and designed as
a table of the different types of contacts and with one
page per day (an English translation of the contact log is
available as e-supplementary Additional file 1). The
different types of contacts specified were transports, pro-
fessional visitors, other visitors, livestock, dead-stock,
shared equipment and farmers’ own visits to other farms.
Farmers were asked to indicate the number of visitors of
each type and their level of contact, i.e. if the visitor was in
direct contact with the livestock, entered the stable or
stayed outside the stable, and if they were livestock owners.
Before submission to the participants, the contact log was
tested on a reference group of veterinarians specialised in
disease control and thereafter on six farmers.
Background population
The animal species of interest in this study were cattle,
pigs, sheep and goats. In 2006, there were approximately
25,000 agricultural enterprises with cattle in Sweden and
of these, 8027 had cattle for milk production [10]. The
average cattle herd size was 64 cattle (or 48 dairy cows,
14 suckler cows). Furthermore, there were 2,414 compan-
ies with pigs. The average pig herd size was 116 sows and
495 piglets and pigs for fattening. Moreover, there were
9,152 agricultural enterprises with sheep and of these,
one third had <10 ewes and only 14% had >50 ewes [10].
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whole country. However, information on the number of
holdings with goats was not available in the official statis-
tics. For all species, the population is concentrated to the
southern parts of the country. Since 2006, the number of
pig herds and dairy cattle herds has decreased and the
average size of herds has increased [11].Data management and editing
The contact logs were entered into a Microsoft Office
Access database by single entry. In the editing of the
data, some assumptions were made. In the instructions
farmers were asked to use integers when registering the
number of contacts and when editing the data “x” or
“yes” were constantly interpreted as “1”, unless other in-
formation indicated that another integer should be used.
Furthermore, the data were scrutinised after entry and
whenever there were indications of typing errors, data
were checked and corrected. For herds where data were
available for two summer periods, the first was kept in
the dataset while the second was dropped.
The parallel questionnaire on biosecurity routines [7]
included questions on herd size and species present on
the farm, and these data were also used in this study.
The categories of species were cattle, swine, sheep or
goats, and mixed. A herd was considered mixed if ani-
mals of more than one of the other categories were
present. For herd size, three classes were created; hobby,
medium and large. The aim of the classification was to
create groups reflecting different levels of production in-
tensity. This was based on the number of animals on the
holding reported in the questionnaire, and the limits
were set using the rather rough assumptions that hobby
farmers do not earn their living from their livestock
production and that large farms will in general need
employed staff were used. For cattle and pig farmers,
herd sizes <15 cattle and <20 pigs, respectively (co-
rresponding to farms below the 30th percentile) were
classified as hobby and >150 cattle and >1500 pigs, re-
spectively as large (above the 90th percentile). For sheep
and goats, <50 animals were classified as hobby (below
the 85th percentile), and >300 animals as large (above
the 98.5th percentile).
Locations of the herd were denoted according to the
Nomenclature of Territorial Units for Statistics level 2
which divides Sweden into eight regions [12]. Five of these
regions were represented in the study; Övre Norrland,
Östra Mellansverige, Småland med öarna, Sydsverige and
Västsverige. In the statistical analysis, visitors were
categorised into either professional or non-professional:
veterinarians, AI technicians, inspectors, transporters,
hoof trimmers, repairmen etc. were considered profes-
sional visitors, while e.g. visitors on field trips, neighboursand customers in farm shops or Bed & Breakfast enter-
prises were considered non-professional visitors.
Data analysis
Descriptive statistics were obtained for the different
types of visitors and levels of contact, by species cat-
egory, herd size, region and season. Furthermore, the
proportion of visitors reported to have livestock of their
own was calculated.
Considering their expected high influence on the risk of
disease spread, special attention was given to the number
of professional visitors and the number of visitors with
direct contacts with the animals. These two outcomes
were further investigated using regression models where
possible associations between number of visitors per two-
week period and different explanatory variables were
analysed. The potential explanatory variables investigated
were; species, herd size, region and season. Associations
between outcomes and explanatory variables were first
investigated by univariable regression. The outcome vari-
ables also contained an excess of zeroes and zero-inflated
negative binomial regression was therefore chosen. In this
type of model, a binary (here logistic) model and a nega-
tive binomial model are fit simultaneously to capture both
the probability of zero counts and the probability of non-
zero counts [13]. Because farmers contributed with sev-
eral observations (i.e. one observation per season), robust
standard errors were applied with clustering on herd
level. Potential variables were tested in both the logistic
and the negative binomial parts of the model in a stepwise
process using backward elimination. The limit for keeping
the variable in the model was set to p < 0.10. Biologically
relevant interactions between the remaining variables
were tested and interaction terms were kept if significant
at the 0.05 level. The fit of the final models was examined
by comparing the observed and predicted values for the
different covariate patterns.
Software used
Data was entered and stored in Microsoft Office Access
2007 (Microsoft Co., Redmond, Washington, USA), and
analysed using Stata Statistical Software: Release 11.2
(StataCorp. 2009, College Station, Texas, USA).
Results
Response rate
Out of the selected farmers, 482 (32%) responded to the
contact log on at least one occasion. The numbers of
responses per period were as follows: summer ‘06 n = 427,
autumn ‘06 n = 235, winter ‘06 n = 289, spring ‘07 n = 327
and summer ‘07 n = 241. The number of farmers that sent
in one, two, three, four or five contact logs was 85, 76, 93,
137 and 95 respectively. After data cleaning, the responses
represent a total of approximately 1,315 two-week periods
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sponse rate by different categories of registered species on
the holding and by region is shown in Table 1. Reasons for
non-response were given by 21% of non-responders [7].
The most important reason for non-response among these
farmers was “ceased animal production” (50%). Notably,
one reason given by a few farmers was “having too many
visits to keep track of”.
Descriptive statistics
According to the replies, 45 herds (9.3%) had no visitors
at all during any of the two-week periods. There were
111 herds (23.0%) that did not have any professional vis-
itors and 133 herds (27.6%) that did not have any non-
professional visitors. On average, the number of visitors
per day was 1.1 (range 0–221). The mean number of
professional visitors was 0.3 (median 0; range 0–18) and
the mean number of non-professional visitors per day
was 0.8 (median 0; range 0–221). The numbers of pro-
fessional visitors, non-professional visitors and visitors in
direct or indirect contact with animals are given by
category of species and herd size in Figure 1a-b.
The descriptive statistics indicated differences be-
tween daily mean numbers of visitors related to herd
size (Figure 1a-b). Whereas the number of professional
visitors seemed to increase with herd size, this relation
was not seen for non-professional visits. Moreover,




Registered species on the holding:
Cattle 640 178 26.2
Pigs 589 190 28.4
Sheep/goats 269 101 37.5
Missing* 13
Total 1498 482 32.2
Region (NUTS level 2):
Övre Norrland 293 71 24.2
Östra Mellansverige 258 82 31.8
Småland med öarna 270 93 34.4
Sydsverige 362 115 31.8
Västsverige 308 107 34.7
Other 7 14
Total 1498
Contact-log response rates disaggregated by farm types according to species
and by regions.
*Selection was based on species and region. Reported species was not always
consistent with species registered on farm. These respondents had not used
the coded response letter and their selection strata could therefore not
be identified.farm. For example, veterinary visits in cattle herds seemed
to increase with herd size but this tendency was not obvi-
ous for pig herds or for sheep herds. The highest mean
number (6.5) of non-professional visitors per day was
found in the category ‘small mixed farm’. When seasons
were compared, the average number of visitors was higher
in summer. This difference was most obvious as regards
non-professional visitors in mixed herds and herds with
sheep or goat (Figure 2).
Farmers registered information on the animal owner-
ship of the non-professional visitor for 88% of reported
visits (3696 occasions). However, they often indicated
this with an “x” or “yes” instead of the actual number of
visitors having livestock and these data were therefore
analysed on occasion and type of visitor. The results are
shown in Table 2. The largest proportion of visitors
reported to own livestock was found in the neighbour
category.
The locations within the farm where visitors were
reported to enter are shown in Table 3. As expected, vet-
erinarians and AI-technicians were often in direct con-
tact with animals. Animal transporters were also often in
direct contact with the animals (39.3%). Among dead-
stock collectors, on the other hand, few were in contact
with animals (6.1%) or entered the stables (5.1%). Not-
ably, 8.8% of the repairmen were in direct contact with
animals and neighbours were in direct contact or entered
the stables at 36.5% of their visits.
Results from multivariable regressions
In the final models, the number of professional visitors,
as well as the number of visitors in direct contact with
animals were significantly associated with species, herd
size and season (Tables 4 and 5). For both of the out-
comes, species and herd size were included in the nega-
tive binomial part of the model (representing counts of
visitors) while species, herd size and season were in-
cluded in the logistic part of the model (representing the
probability of no visits at all). Although an interaction
between herd size and species was found, the models
were not stable with this interaction term (i.e. resulted
in extreme incidence risk ratios and confidence inter-
vals) and it was therefore excluded from the final
models. The geographical differences seen in the
univariable analyses were not observed when other risk
factors were accounted for. For both professional visitors
and visitors in direct contact with animals, visits were
more likely in large herds compared to small and
medium herds. From herds reporting these types of
visits, there were also more visitors in herds with cattle,
compared to other species. However, the numbers of vis-
itors in direct contact (i.e. including both professional
and non-professional) were higher in hobby farms com-
pared to large and medium sized farms. In addition,
00.5
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Cattle Pigs Sheep or Goat Mixed
a
b
Figure 1 a-b Number of visitors in different categories of herds. Results from a study dealing with frequency of indirect farm-to-farm
contacts (Swedish livestock farms, 2006–2007). The bars represent the mean number of a) professional visitors, and b) non-professional visitors,
by categories of species and herd size, black lines show the 95% confidence interval.
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to spring and autumn.
Discussion
In general, one of the most important routes of disease
spread is considered to be live animal trade, and animal
movements between Swedish herds have recently been
described [14-16]. However, for some highly contagious
diseases, indirect contacts are also a potential route of
disease transmission. Introduction of animals from other
herds can to some extent be avoided by limiting the pur-
chases of animals and instead relying on within-farm re-
cruitment. Professionals visiting the farm, on the other
hand, can seldom be totally avoided. The non-professionalvisits could in theory be avoided, but benefits from having
children and urban people visit farms in order to enable
better understanding of agricultural production would
then be lost. Studies to investigate these types of contacts
have been done in other countries [17-21], however, infor-
mation on indirect contacts between Swedish farms has
been missing. The results presented here therefore con-
tribute substantially to the knowledge of what can be
expected when it comes to between herd contacts.
Based on the replies, there was a large difference in
the number of visitors per farm, and substantial vari-
ation within categories of farms was observed. In general
however, species and herd size were significantly associ-





























































































Cattle Pigs Sheep or Goat Mixed
Figure 2 Number of visitors by season, category of species and type of visitors. Results from a study dealing with frequency of indirect
farm-to-farm contacts (Swedish livestock farms, 2006–2007). The graph shows the mean number of visitors per day, by category of species and
season. The dark grey bars refer to professional visitors, light grey bars refer to non-professional visitors and the black lines show the 95%
confidence interval.
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different professionals will be needed and with many
animals the frequency of the visits will increase. For ex-
ample, if the herd is large, the probability of one animal
in the herd needing veterinary care will increase com-
pared to if the number of animals is low. The contact
pattern observed for veterinary visits can also be exp-
lained by other underlying structures. For example, pro-
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aThe numbers represent occasions of visits and not the number of visitors due to th
Reported livestock ownership for non-professionals visiting Swedish livestock farms
482 farmers.regularly veterinary visits, Swedish pig farmers are gen-
erally allowed to keep certain drugs (e.g. antibiotics) on
their farm and perform first line treatment of individual
animals themselves. This was at the time of the study
not possible for cattle owners, and this is one explan-
ation why the veterinary visits to pig farms did not in-
crease with herd size to the same extent as visits to
cattle farms. Another example of factors that can influ-
ence frequency of visitors is the production cycle on theVisitors' livestock ownership (n is numer of occasions, and










n % n % n % n % n % n %
12 17.6 2 2.9 1 1.5 1 1.5 37 54.4 16 23.5
2 3.3 0 0.0 0 0.0 0 0.0 47 78.3 11 18.3
14 6.6 2 0.9 19 9.0 9 4.2 35 16.5 145 68.4
413 32.6 102 8.0 131 10.3 3 0.2 772 60.9 19 1.5
185 8.9 66 3.2 80 3.8 14 0.7 1629 78.0 258 12.4
e way data was reported. One occasion can represent one or more visitors.
. Data represent 1,315 two-week periods (18,416 days) recorded by
Table 3 Visitors’ level of contact with animals
Type of visitor Type of contact Total
numberDirect contact In stable On farm
n % n % n %
Professional visitors
Milk truck (driver) 3 0.2 3 0.2 1592 99.6 1598
Temporary employee 502 80.4 58 9.3 64 10.3 624
Animal transporter (live or for slaughter) 197 40.6 112 23.1 176 36.3 485
Feed truck (driver) 0 0.0 8 2.3 341 97.7 349
AI-technician 301 88.0 20 5.8 21 6.1 342
Other type of professional visit 82 27.6 72 24.2 143 48.1 297
Repairman 25 8.8 97 34.0 163 57.2 285
Veterinarian 240 85.4 29 10.3 12 4.3 281
Transporter of dead stock 4 4.7 4 4.7 78 90.7 86
Salesman 1 1.2 18 22.2 62 76.5 81
Production advisor 17 34.0 8 16.0 25 50.0 50
Hoof trimmer 32 97.0 0 0.0 1 3.0 33
Inspector from municipality or county 8 29.6 11 40.7 8 29.6 27
Sheep shearer 15 93.8 0 0.0 1 6.3 16
Sample collector (control programme) 7 58.3 4 33.3 1 8.3 12
Non-professional visitors
Other visits 151 12.1 318 25.4 781 62.5 1250
Neighbours 103 15.4 157 23.4 411 61.3 671
Customers in farm shop 2 2.4 4 4.9 76 92.7 82
Field trip 21 37.5 22 39.3 13 23.2 56
“Stay on a farm” 7 24.1 1 3.4 21 72.4 29
Level of contact with the animals at the farm among different categories of visitors, based on 1,315 two-week periods (18,416 days) recorded by 482 Swedish
livestock farmers in 2006–2007. The numbers presented in the table are based on visits where type of contact was specified.
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collect animals on the farm.
In comparison, the non-professional visitors did not
follow the same pattern as the professional ones. From a
contingency planning and information perspective, one
important finding was that a number of hobby farms with
mixed species had large numbers of non-professional
visits. From previous studies it was clear that hobby
farmers often had low biosecurity [7]. This category
of farmers has also been shown to be overrepresented
among farmers who were unaware of an ongoing outbreak
[22]. Although non-professional visitors may not be as im-
portant for disease spread as the professionals, who tend
to visit one farm after the other, it is clear that low bio-
security and unawareness in combination with large
number of contacts may present a high risk. Even if only
a small proportion of these visitors are in contact with
other farms, the actual number may be significant when
the total number of visitors is high. With hundreds of
visitors per week, tracing of contacts during outbreaks
may also be extremely time consuming and difficult.Thus, information about preventive biosecurity measures
is crucial in such farms. Not all visitors pose equal risk,
and focus could be on hygiene measures related to visitors
in direct contact with animals and especially if they are
livestock owners. New legislation coming into force in
Sweden in September 2013 establishes the famers’ respon-
sibility for biosecurity related to farm visits [23]. As part of
implementing the new rules, these results provide import-
ant information when communicating the risk of disease
transmission through visitors to farmers. Further, the find-
ings are relevant for strategies on how to come into con-
tact with visitors in case of a disease outbreak. The study
has identified that the number of people that would need
to be reached can be very high and that many of them
may not be part of the farming community, i.e. they will
probably not be reached through the farmers’ press or in-
formation sent to farmers. From the results, the import-
ance of asking the farmer at an early stage of contact
tracing if they have many visitors e.g. due to hosting fields
trips or having construction workers or repairmen at the
farm, has been highlighted.







Negative binomial part of the model
Constant 1.87 1.02 2.72 <0.001
Animal species
cattle
swine −0.48 −0.75 −0.22 <0.001
sheep or goat −2.15 −2.78 −1.52 <0.001
mixed −0.33 −0.61 −0.05 0.023
Herd size
hobby
medium 0.01 −0.86 0.89 0.974
large 0.59 −0.28 1.47 0.185
Logistic part of model (probability of no visitors)
Constant 1.08 0.30 1.85 0.007
Animal species
cattle
swine −2.36 −4.73 0.01 0.051
sheep or goat −1.33 −5.00 2.33 0.476
mixed 0.05 −0.54 0.64 0.867
Contact log period
summer
autumn −0.89 −1.60 −0.18 0.014
winter −0.39 −0.92 0.14 0.149
spring −0.52 −1.00 −0.05 0.031
Herd size
hobby
medium −1.80 −2.88 −0.72 0.001
large −3.49 −5.14 −1.84 <0.001
Estimates from a negative binomial regression model used to analyse the
number of professional visitors in Swedish livestock herds, based on replies to
a contact log sent out in 2006–2007.
Table 5 Regression results, number of visitors in direct
contact with animals




Negative binomial part of the model
Constant 3.03 1.86 4.21 <0.001
Animal species
cattle baseline
swine −0.53 −0.92 −0.13 0.009
sheep or goat −1.47 −2.31 −0.63 0.001
mixed −0.46 −0.85 −0.07 0.021
Herd size
hobby baseline
medium −1.90 −3.13 −0.67 0.002
large −1.57 −2.77 −0.37 0.010
Logistic part of model (probability of no visitors)
Constant 1.73 1.11 2.35 <0.001
Animal species
cattle baseline
swine −0.94 −2.14 0.26 0.123
sheep or goat 0.59 −0.81 1.98 0.409
mixed 0.10 −0.65 0.85 0.789
Contact log period
summer baseline
autumn −0.88 −1.49 −0.27 0.005
winter −0.21 −0.81 0.39 0.489
spring 0.04 −0.50 0.57 0.891
Herd size
hobby baseline
medium −1.83 −2.49 −1.17 <0.001
large −4.21 −8.06 −0.35 0.032
Estimates from a negative binomial regression model used to analyse the
number of visitors in direct contact with animals in Swedish livestock herds,
based on a contact log sent out in 2006–2007.
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of different categories that was reported to be in direct
contact with the animals or to enter the stable. These
findings also need to be seen in light of previous find-
ings, where use of protective clothing was examined [7].
For example, salesmen and repairmen were reported to
have poor use of protective clothing, and many farmers
did not require such usage, whereas this study found
that that one fourth of the salesmen entered the stables
and almost nine percent of the repairmen were in direct
contact with animals. Many visitors within these cat-
egories of professionals may not have an education re-
lated to animal husbandry and there is a risk that they
do not realise their potential role in spreading disease.
These results should be considered in the design ofpreventive biosecurity programmes or information cam-
paigns during disease outbreaks where it is important
not to forget this category of visitors. There is a need to
communicate, both to the farmer and to the visitors, the
risk of disease spread through indirect contact. These re-
sults have therefore been forwarded to the Swedish Ani-
mal Health Services and the Swedish Dairy Association
which are currently working on a new farm biosecurity
programme.
It is often assumed that farms in the northern parts of
Sweden pose a lower risk of disease introduction as they
have fewer contacts. This study demonstrates that farm
characteristics were more important than geographical
region and that when implementing control measures
region should not be considered a primary factor.
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that it may be difficult for farmers to recall detailed in-
formation of events such as farm visits. Farmers have
also been surprised when they have realised the actual
number of contacts they have had. Making a single as-
sessment at one point in time can thus lead to under-
estimation of the amounts of contacts. In order to avoid
recall bias and underestimation of contacts, the choice
was a prospective contact log. Although the aim was to
make data registration as simple as possible, participa-
tion in the study was a considerable workload for the
farmers. In spite of this, 32% of the invited farmers
chose to participate in the study. There were farmers
that only responded to one period, we did not investi-
gate the reasons for this and can only speculate why.
Some might have found the questionnaire too burden-
some, and since there is a rapid structural change in
Swedish agriculture with decreasing farms it is probable
that some of them quit farming during the study period.
There were also farmers that responded in the start and
the end of the study period but missed one or two pe-
riods in the middle. Although other information would
have been interesting to include in the contact log, we
tried to minimise the amount of data to be collected by
the farmer and did not ask about duration of contact,
biosecurity routines applied during the specific visit, ori-
gin or destination of the contact. Data on distances are
planned to be collected in a future study focusing on the
routes travelled by professionals.
Compared to similar studies in Switzerland and New
Zealand, in which farmers were also asked to register
contacts during two or three week periods, the response
rate in this study lies between the two (22% and 43%).
However in the New Zealand study the participants were
recruited through telephone calls [20,24] and the re-
sponse rate was even higher (70% when non-eligible
farms had been excluded) in a corresponding Dutch
study where farmers were recruited by letters and tele-
phone calls from their local veterinarians [19]. In recent
European studies in UK and Belgium, data collection was
based on estimates made at one point of time and
farmers were not asked to register contacts continuously,
and response rates are therefore not directly comparable
[17,18]. As already concluded by Ribbens et al. [18], the
result of these studies are not straight forward to com-
pare either, because they focus on different groups of
farmers and because the methods for data collection have
differed between countries. However some findings are
worth mentioning. The large variation between farms in
number of contacts and association with herd size was
also observed in Belgium, California, New Zealand and
the United Kingdom [17,18,20,21]. In the Belgian study it
was observed that professional visits more often entered
the stable compared to non-professionals [18], and whenremoving milk trucks (which were not relevant in the
Belgian study focusing on pigs) from the Swedish data
the proportion of professionals entering stables was
clearly higher compared to non-professionals also in
Sweden. In some parts, the study from the Netherlands
registered level of contact in a comparable way, and simi-
lar findings were seen with veterinarians, AI-technicians
and temporary employees among the visitors most often
in direct contact with animals. However, other categories
differed between the two countries, e.g. animal obstetri-
cians which occurred in the Dutch study do not exist in
Sweden, and hoof-trimmers did not occur in the Dutch
data [19]. This example illustrates both the constraints in
comparing results from studies with different designs,
and also the need for collecting country specific data.
Because half of the non-responders who explained
their non-response said that they did no longer have
livestock, the response rate among farmers that in fact
had livestock on their farm was even higher. A few non-
responders explained that their high number of contacts
was the reason why they could not participate in the
study. This is unfortunate because from a disease pre-
vention perspective, farms with many contacts are of
special interest. It is noteworthy that one of these
farmers indicated that the farm had around thousand
visits each week, due to on-farm sales. Thus, it is pos-
sible that the average number of visits reported in this
study was underestimated. Another possible reason for
underestimation is that farmers, in spite of the prospect-
ive study-design, forgot to fill in all visits. This was ob-
served in a Dutch study were comparative data were
available to check the registrations [19]. There was no
simple way to identify differences between responders and
non-responders. It can be speculated that farmers who
were more interested in biosecurity and disease prevention
were more likely to agree to participate in the study. If so,
it is possible that the number of non-professional visits,
i.e. the category of visitors that a farmer can limit, was
higher than reported. However, professional contacts are
needed to keep the farm running, regardless of the
farmer’s attitude towards responding to questionnaires.
The results from this study reflect the large variability
among farms and contribute to the understanding of the
frequency and nature of indirect contacts between
Swedish livestock holdings. The large number of non-
professional visits in some farms, the fact that mixed-
species hobby farms (potentially with low biosecurity and
outbreak awareness) often had many visitors and the pro-
portion of salesmen and repairmen entering the farm
stables, are all important observations. The expected find-
ings, such as number of visitors being related to species
and herd size, are also of value as this has not been docu-
mented before in Sweden. The study results will constitute
useful background information in the planning of risk-
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mation campaigns, as well as in outbreak management
and preparedness, and as input in ongoing work on mod-
elling of disease spread where the distributions on actual
numbers of contacts can be used to simulate contact
patterns relevant for different types of Swedish livestock
farms.
Conclusions
There was a large variation in number of farm visitors, both
professionals and non-professionals. The number of visitors
that may be more likely to spread diseases between herds
was associated with animal species and herd size of the
farm, however the non-professional visitors did not show
the same association with herd-size and there were small
mixed farms with high numbers of non-professional visi-
tors. There were expected findings with e.g. veterinarians
and AI-technicians often in direct contact with animals,
but also unexpected findings with e.g. more repairmen than
expected being in direct contact with animals.
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